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I. OXALYL AMINO ACID ANHYDRIDES 
A. Introduction 
N-Carbonic anhydrides (hereafter referred to as NCAs) of 
o(-amino acids have been used extensively in the synthesis of 
peptides, particularly of poly-<*-amino acids, which are 
polymers of a single amino acid or copolymers of two or more 
amino acids. An extensive review of the use of NCAs in the 
synthesis of poly- c(-amino acids has been made by Katchalska 
and Sela (ll). 
Glycine-NCA, the first ot - amino acid NCA reported in the 
literature was synthesized by Leuchs (13) using the following 
reaction sequence : 
NHgCHgCOOH + GH30-(LC1 > H^CHgCOOH + SOClg 
0 c=o 
n ÇHs-Cx 8-CH3 
HNCH2CtC1 —» HN -h CHoCl 
... , c=0 
0-CH3 <5 
The most useful general method of synthesis is that 
proposed by Fuchs (8) and later modified, by Levy (14) and 
Farthing (6). In this method a suspension of the amino acid 
in an inert solvent such as toluene or dloxane is treated 
with phosgene. The reaction is quantitative under proper 
conditions. 
The reaction of an c( -amino acid-NCA with an amino acid. 
2 
may in principle proceed, according to either of the following 
paths : 
R-L-ÇH-COOH 
+ NHpRp > # d  d  c=o 
' NH 
^2 
R-, -CH-
or 
0 0 
2. R1"?H_C^ t NH2R2 > r1-ch-g-nhr2 + C02 
I / mw „ NH-tf 
In their review article on poly- ot -amino acids, Katchalska and. 
Sela (11) conclude that the actual course of the reaction is 
a function of the steric requirements of the amino acid, its 
basicity, and its concentration. In reaction 1, the amine 
reacts with the 2-carbonyl thereby forming a ureido acid. In 
reaction 2 the amine reacts with the 5-carbonyl forming a 
peptide with a carbamic acid residue which readily decomposes 
yielding carbon dioxide and a free ot-amino group. The amino 
group may then react with another NCA to yield a peptide with 
an additional amino acid residue. This tendency to react 
further constitutes an undesirable feature in the stepwise 
synthesis of specific peptides, since the resulting peptides 
are frequently contaminated with poly--amino acids; it is 
a desirable characteristic from the standpoint of synthesis 
of poly- d-amino acids. 
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The purpose of this investigation was to synthesize the 
analogous «<-amino acid N-oxalic anhydrides and to explore 
their usefulness in the stepwise synthesis of peptides. 
It seemed likely that the N-oxalic anhydrides (hereafter 
referred to.as NOAs) could, be formed using a reaction analo­
gous to the Fuchs-Farthing reaction used in the synthesis of 
NCAs. If an.amino acid were treated with an equimolar or 
larger quantity of oxalyl chloride the reaction should pro­
ceed. according to the following scheme : 
RCHCOOR t C1C0C0C1 
I\IHo 
V 
/C\rP + 2HC1 
-» H-N' C v 
0 
The NOA should react with an amino acid in a manner 
analogous to that of the NCA compounds, according to the 
following scheme : 
1. 
or 
2. 
H-N C 
I | f R-rCHCOOH 
oV  ^
o 
1 l t RxÇHCOOH 
Ay m%2 
o 
R-ÇHCONHCHCOOH 
NH 
6=0 
COOH 
R-CHCOOH 
NH 
ÇrO 
C=0 
RjCHCOOH 
4 
Reaction 1 would result in the formation of an N-oxalyl 
peptide whereas reaction 2 would give an N,N'-oxalylbis 
(amino acid). 
c( - Amino acid. N-oxalic anhydrides should, be useful in 
the stepwise synthesis of peptides provided, reaction 1 were 
the predominant reaction in the above scheme and. provided, a 
method could be devised which would permit the controlled 
elimination of the peptide N-oxalyl group. 
B. Review of Literature 
A number of N-oxalyl derivatives of o(-amino acids have 
been reported in the literature. Thé first compound, of the 
type N,N* -oxalylbis-(amino acid.) was reported, by Schiff in 
1885 (16). Schiff refluxed DL-alanine with diethyloxalate 
and ethyl alcohol and. obtained a small yield oif the isomers 
of N,N'-oxalylbis-(alanine ethyl ester). In 1897 Kerp and 
Unger ( 12) treated a solution of glycine with potassium 
hydroxide and. diethyl oxalate and. upon acidification of the 
reaction mixture obtained N,N1-oxalylbis-(glycine). Attempts 
to prepare other N,N'-oxalylbis-(amino acids) by this method 
were unsuccessful. The most useful method is that intro­
duced. by Bornwater (3) in which the amino acid, ester hydro­
chloride is refluxed with.oxalyl chloride in benzene under 
anhydrous conditions. Cleaver and. Pratt (5) reported, good, 
yields of other N,N'-diacylbis-(amino acids) obtained by 
treating amino acids with various diacyl chlorides in 
alkaline aqueous media at 0°C. An extensive review of the 
literature pertaining to N,N'-diacylbis-(amino acids) has 
been made by Hendry (9). 
To our knowledge only one d-amino acid N-oxalic 
anhydride has been reported in the literature. Bentley et al. 
(2) treated 4-carbomethoxy-5,5-dimethyl-thiazolidine-2-
carboxylic acid with oxalyl chloride in dry dioxane and ob­
tained the corresponding N-oxalic anhydride. They observed 
that moisture caused ring scission products which decomposed 
thermally with gas evolution. 
C. Experimental 
Melting points reported in this study are uncorrected 
and were determined either on a melting'point block or with 
a Thiele melting point tube. 
Carbon and hydrogen analyses were performed by the 
Schwarzkopf Microanalytical Laboratory, 56-19 37th Ave., 
Woodside 77, .New York, or by the G. Weiler and F. B. Strauss 
Microanalytical Laboratory, 164 Banbury Road, Oxford, 
England. Nitrogen analyses were determined either by the 
Dumas method in the above mentioned laboratories or in this 
laboratory using a micro-Kjeldahl technique (15). 
Neutralization equivalents were determined by titrating 
40-50 mg. of sample with 0.0496 N sodium hydroxide to a 
phenolphthalein end point. 
Solvents were generally redistilled and dried over 
sodium sulfate. Dioxane was purified using the method given 
by Fieser (7) or by distilling from metallic sodium. 
Infrared spectra were obtained on a Perkin Elmer Model 
21 Double Beam Infrared Spectrophotometer. Optical rotations 
were obtained on a Rudolph Polarimeter No. 123. 
1. L-Proline-N-oxalic anhydride 
Seven grams (0.06 mole) of L-proline was suspended in 
150 ml. of dioxane and the suspension added in small portions 
with constant stirring to 30 grams (large excess) of oxalyl 
chloride in 500 ml. dioxane contained in a two-neck round 
bottom flask. The neck of the flask through which additions 
were made was kept stoppered between additions to exclude 
moisture; the other neck was fitted with a calcium chloride 
tube. The reaction mixture was warmed to about 8o°C. with 
constant stirring and after about 30 min. was filtered to 
remove the small amount of solid material still remaining. 
Concentration of the filtrate to about 20 ml. gave 7.6 g. 
(74^) of the hygroscopic anhydride. Similar yields were 
obtained using tetrahydrofuran as a solvent. Recrystalliza-
tion from acetone gave a product which melted at l46-l49°C. 
with decomposition and evolution of gas. The anhydride is 
moderately soluble in hot dioxane and tetrahydrofuran and 
7 
insoluble in diethyl either and Skellysolve B. 
Approximately 50 mg. of the anhydride was dissolved in 
'50 ml-, of water with warming. The resulting solution was 
distinctly acidic and attempts to recover the anhydride were 
unsuccessful. It was therefore assumed that hydrolysis was 
complete. Titration of a similar solution with standardized 
sodium hydroxide to a phenolphthalein end point gave a 
neutralization equivalent of 84.6. Calculated neutralization 
equivalent (assuming two moles of base are required per mole 
of anhydride): 84.5. 
a. Analysis Calculated for CyHyO^N: C, 49.71: 
N, 4.17; N, 8.28. Found: C, 49.18; H, 4.28; N (micro-
Kjeldahl), 8.26. 
2. Anilide from L-proline-N-oxalic anhydride 
This reaction was carried out by adding 1.07 G. (0.011 
mole) of redistilled aniline to 0.97 g. (0.0057 mole) of 
L-proline-N-oxalic anhydride suspended in 50 ml. benzene. 
After the anhydride had dissolved (about one min.) the 
benzene was concentrated to about 10 ml. and Skellysolve B 
added until turbidity was obtained. The solution cleared in 
a.few minutes with the deposition of crystals. The process 
was repeated until no further turbidity was produced by the 
addition of Skellysolve B. Yield of the desired product was 
1.2 g-. (87#) which after recryst alii zing from ethanol had a 
8 
melting point of 158-l6o°C. and a neutralization equivalent 
of 259.5. Calculated neutralization equivalent : 262. The 
anilide is insoluble in Skellysolve B, sparing soluble in 
water and ether, and soluble in dioxane and tetrahydrofuran. 
3. N-Oxanilyl-L-proline 
In the reaction between proline-NOA and aniline the 
possibility exists for the formation of at least two products 
depending upon whether the nucleophllic attack of the base is 
directed toward the 2-carbonyl or the 6-carbonyl carbon of 
proline-NOA. In order to determine which product is formed, 
one of the two possible compounds, N-oxanilyl-L-proline, was 
prepared using the following sequence of reactions : 
Oxanilix acid chlordie was prepared by a method occurring in 
the German patent literature (10). One part by weight of 
aniline hydrochloride was added, in small increments and with 
constant stirring, to a solution of three parts of oxalyl 
chloride in 10 parts of tetrahydrofuran contained in a two 
neck round bottom flask. One neck of the flask was fitted 
with a calcium chloride tube to exclude moisture and to 
- -83°. 
ONHgHCl _|_ Cl-C-C-Cl 
oo ,-1 
|^jjNH-C-C-Cl-f YC00H Nf 
P 0 Q 0 
permit the escape of hydrogen chloride. The contents were 
stirred for about 30 minutes at room temperature, filtered/ " 
rapidly with suction to remove the remaining solid material, 
and the solvent and excess oxalyl chloride removed on a 
rotary evaporator. Without further purification, the oxanilic 
acid chloride was redissolved in a little tetrahydrofuran and 
added to an equivalent quantity of proline suspended in 
tetrahydrofuran. The reaction flask was then connected to a 
second flask containing an excess of trimethy1 amine and the 
amine was allowed to slowly evaporate and diffuse into the 
reaction flask over a period of one hour. All solid material 
was then removed by filtration, the solvent was removed on a 
rotary evaporator and the residue recrystallized from ethanol 
to give a small yield of the desired product. This compound 
gave a melting point identical to that of the anilide ob­
tained from L-proline-NOA and a mixed melting point failed to 
show any depression. The infrared spectra of the two com­
pounds were also found to be identical as shown in Figure 1. 
4. Reaction of L-proline-NOA with L-proline 
This reaction was carried out by suspending 1.2 grams 
(0.0071 mole) of proline-NOA in dioxane, and adding to this 
under anhydrous conditions, 0.82 g. (0.0071 mole) of proline. 
The reaction mixture was then stirred constantly and main­
tained at a temperature of 6o° for 2 hrs. The dioxane was 
Figure 1. Infrared spectra in KBr 
A. L-Proline-N-oxalic anhydride 
B. N-Oxanilyl-L-proline prepared from 
L-proline-N-oxalic anhydride and 
aniline 
C. N-Oxanilyl-L-proline prepared from 
oxanilic acid chloride and. L-proline 
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decanted from the remaining solid material and evaporated to 
give 1.0 g. (53fo) of material which after one recrystalliza-
tion from dioxane gave a m.p. of 135-l45°C. .Without further 
purification 0.7 g. of this material was suspended in ether 
and treated with an excess of diazomethane in diethyl ether. 
As soon as the rapid evolution of gas had ceased the ether 
solution was decanted and evaporated in a well ventilated 
hood to give 0.42 g. (53$) of slightly yellow crystalline 
material which after decolorizing with charcoal and two re-
crystallizations from water, gave a m.p. of 147.5-148.5°C. 
a. Analysis Calculated for C^HgoO^Ng: C, 53.84; 
H, 6.45; N, 8.97. Found: C, 54.10; H, 6.40; N, 8.91. 
5. N,N'-Oxalylbis-(L-proline methyl ester) 
This compound was synthesized using the method of 
Bornwater (3) for the synthesis of N, N'-oxalylbis-(amino 
acid esters). L-Proline methyl ester hydrochloride was made 
by dissolving 10 g. (0.087 mole) of L-proline in 100 ml. of 
absolute methanol, passing in anhydrous hydrogen chloride 
until the evolution of heat had ceased, refluxing gently for 
8 hrs., and removing the excess methyl alcohol and hydrogen 
chloride on a rotary evaporator. The thick syrup did not 
crystallize upon cooling, and without further purification, 
there was added to this, with constant stirring, 70 ml. of 
dry benzene. To this was added, over a period of one hour, 
13 
5-5 g. (0.043 mole) of oxalyl chloride dissolved In 30 ml. 
of benzene. The reaction mixture was then refluxed for 4 
hours after which time the benzene solution was decanted from 
the considerable amount of material which did not go into 
solution. Evaporation of the benzene gave a thick syrup 
which crystallized upon standing at room temperature for 24 
hrs. Yield: 1.5 g. (12.5$). The compound was treated with 
charcoal and recrystallized twice from water to give a 
product melting at 147.5-148.5°C. A mixed melting point with 
the above methylated compound obtained from L-proline-NOA 
showed no depression. The infrared spectra, shown in Figure 
2, were also found to be identical. 
a. Analysis Calculated for Ci^HgoOgNg: C, 53.84; 
H, 6.45; N, 8.97. Found : C, 54.36; H, 6.55; N, 9.02. 
6. Reaction of oxalyl chloride with other amino acids 
Glycine, DL-valine, and L-leucine were treated with 
oxalyl chloride under conditions identical to those used for 
proline, and with many variations of concentration, tempera­
ture and solvent. In most cases intractable tars were ob­
tained and in all cases efforts to isolate the desired NOA 
were unsuccessful. 
D. Summary and Conclusions 
Proline reacts readily with oxalyl chloride to form 
proline-N-oxalic anhydride. The anhydride, when treated with 
Figure 2. Infrared spectra in KBr 
A. N,N'-Oxalylbis-(L-proline methyl ester) prepared by 
metbylating the reaction product of L-proline-N-
oxalic anhydride and L-proline 
B. N,N*-Oxalylbis-(L-proline methyl ester) prepared 
from L-proline methyl ester and oxalyl chloride 
W A V E  N U M B E R  I N  C M  1  
is 
+¥• (Z) 
'•oj 
r\ 
LU -U. 
LxJ 
W A V E  L E N G T H  I N  M I C R O N S  
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aniline, opens as a result of a nucleophilic attack on the 
2-carbonyl carbon to give the corresponding optically active 
N-oxanilyl-L-proline, and when treated with L-proline gives' 
N,N*-oxalylbis-(L-proline). This manner of ring opening 
might be expected from theoretical considerations. The in­
ductive effect of each oxalocarbonyl group on the other would 
tend to increase the electrophilic character of each 
oxalocarbonyl carbon over that of the prolyl carbonyl carbon; 
i 
however, resonance involving the 3-carbonyl group and. the 
unshared electrons of nitrogen would be expected to decrease 
the electrophilic character of the 3-carbonyl carbon. Thus 
the 2-carbonyl carbon would be expected to be the most 
electrophilic of the three carbonyl carbons. 
When an attempt was made to prepare NOAs from amino 
acids other than L-proline, intractable tars were obtained, 
which gave a positive hydroxamic acid test (17) even after 
treating with boiling water. The positive hydroxamic acid, 
test could be explained either by the presence of acid 
anhydrides formed by the action of oxalyl- chloride ( 1 ) or by 
presence of azlactones. formed by dehydration of N-acylamino 
acids (5). Azlactones with a carboxyl carbon in the 2 posi­
tion have not been reported, apparently; in a report on the 
preparation of azlactones from N,N1-diacylbis-(amino acids), 
it was stated only that azlactones from N,N1-oxalylbis-
(amino acids) were not isolated (5). Azlactones would be 
17 
expected to give a positive hydroxamic acid test and might be 
expected to polymerize under relatively mild conditions (4). 
Since the one NOA which was synthesized opened as a 
result of a nucleophllic attack on the 2-carbonyl carbon, it 
was concluded that class of compounds would be of no value 
in the stepwise synthesis of peptides. 
18 
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II. PIGMENTS OF A SERRATIA MARCESCENS MUTANT 
A. Introduction 
Serratia marcescens, an aerobic, motile, gram negative 
rod closely resembling the coliform bacteria (11) produces 
prodigiosan, a characteristic red tripyrrole pigment. In 
addition to the well known red "wild, type" many color vari­
ants have been isolated and described, in the literature ( 11, 
2). The color mutants may arise spontaneously or as the re­
sult of mutagenic agents (15, 9) and frequently are quite 
stable, showing no tendency to revert to the parent type 
(2, 15, 24). 
The pyrrole entity of prodigiosin is apparently produced 
by a biosynthetic pathway differing somewhat from the pathway 
used, in the biosynthesis of porphyrin pyrrole (19). Marks 
and Bogorad. (12) have shown that ^-amino levulinic acid is 
not incorporated into prodigiosin but is concurrently in­
corporated into other cell constituents. 
Many of the color mutants produce diffusible compounds 
which other mutants are able to utilize in the biosynthesis 
of prodigiosin. The ability of various mutants to produce 
prodigiosin precursors makes this an excellent organism in 
which to study the biosynthesis of bacterial pyrroles. 
Williams and Green ( 24) have isolated, and described an 
orange mutant, strain OF, which produces a diffusible 
20 
compound utilized by a white mutant, strain WCF, in the 
biosynthesis of prodigiosin. Both mutants were derived from 
the same parent strain, S_. marcescens strain Nima. 
It was the purpose of this investigation to isolate the 
orange pigment of strain OF and determine the structural 
differences between it and prodigiosin. 
Some very valuable earlier work on the isolation and 
purification of the orange pigment was done by Burgus (3). 
B. Review of Literature 
Prodigiosin was first isolated in 1902 by Kraft (10b) as 
an oily material which was later shown to contain only about 
2 per cent of the pure pigment (26).. In 1929 Wrede and 
Rettche (26) isolated prodigiosin by treating the cellular 
material with 10 per cent aqueous sodium hydroxide followed 
by extraction with lipoid solvents. The material was further 
purified by precipitating the hydrochloride from petroleum 
ether, filtering, dissolving the hydrochloride in 96 per cent 
ethyl alcohol and precipitating as the perchlorate by the 
addition of aqueous 5 per cent perchloric acid. Using the 
same general procedure Wrede and Hettche also prepared the 
picrate, salicylate, and benzoate salts. Analysis showed the 
free base to have the empirical formula CgQHg^N^O. 
Wrede and Rothaas (27) distilled prodigiosin from soda 
lime in a hydrogen atmosphere and obtained a 25 per cent 
21 
yield of a pyrrole having the empirical formula 
The pyrrole when oxidized with chromic acid in glacial acetic 
acid, gave n-amyl maleimide and when oxidized, with potassium 
permanganate in acetone gave n-hexanoic acid (30), indicating 
that the C^QH^yN compound, was a 2-methyl-3-amyl disubstituted 
pyrrole. 2-Methyl-3-amyl pyrrole was synthesized and found, 
to be identical to the pyrrole isolated, from prodigiosin. 
Oxidation of prodigiosin with chromic acid in glacial acetic 
acid gave maleimide and methoxy maleimide (29),, while re- . 
duction of prodigiosin, followed by acid, oxidation with 
potassium permanganate gave proline (29). The isolation of 
maleimide together with the isolation of proline indicated 
the presence of an unsubstituted. pyrrole. 
Based upon the above evidence for the presence of an 
unsubstituted pyrrole, a 3-methoxy pyrrole and an 2-methyl-. 
3-amyl pyrrole together with the observation that prodigiosin 
forms a complex with zinc typical for dipyrrylmethenes, Wrede 
and Rothaas (28) proposed two possible structures for 
prodigiosin, 
H 
«ci 
/ 
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Wrede and Rothaas chose structure II based on spectral 
characteristics of prodigiosin which they felt were better 
explained by a tripyrryl methene structure ( 2 8 ) .  
Several investigators have demonstrated by paper and 
column chromatography that S_. marcescens produces, in addi­
tion to prodigiosin, a number of other closely related pig­
ments (5, 23, 25). Castro (5) was able to show that the pig­
ment prepared by Wrede1 s method of purification, when 
chromatographed on a sucrose column, separated into several 
colored bands. This led. him to question Wrede 1 s structural 
formula. Williams, using paper chromatography, obtained 4 
bands, an orange band, two red bands, and a blue band. 
Burgus (4), by column chromatography on Hyflo Super-cel 
using 2 per cent ethyl alcohol in petroleum ether has ob­
tained a fast moving orange band, 2 red bands, and a slow 
moving or stationary blue band. The orange band and. the red 
bands when re chroma.to graphed using the same conditions again 
disproportionated into an orange, 2 red, and a blue band. 
Re chromatography of the blue band gave only a single blue 
band. The blue fraction was somewhat less soluble in petro­
leum ether and was eluted with higher concentrations of 
ethanol. 
The choice of a tripyrryl methene structure led to the 
speculation that perhaps tripyrryl methenes were involved as 
intermediates in the synthesis of porphyrins (20). However 
23 
Markes and Bogorad have shown -that the biosynthesis of 
prodigiosin pyrrole does not involve the same precursors 
which are utilized in the biosynthesis of porphyrin pyrrole 
(12). _S. marcescens, when grown in the presence of labeled 
cf-amino levulinic acid did not incorporate this compound 
into prodigiosin but did utilize it in the biosynthesis of 
other cell constituents. cf-Amino levulinic acid has been 
shown to be a precursor of porphyrin pyrrole (19). Hubbard 
and Rimington (10a) found by using isotopieally labeled 
glycine and acetate that the nitrogen and d-carbon of 
glycine are used to the same extent and to a high degree of 
efficiency in the biosynthesis of prodigiosin; the carboxyl 
carbon is not utilized. Both carbon atoms of acetate are 
also utilized to the same extent in the biosynthesis of 
prodigiosin. Marks and Bogorad (12) found L-proline to be 
2 1/2 times more active as a precursor of prodigiosin than 
glycine; the reverse is true in the biosynthesis of porphyrin 
by the rat (17, 18). 
In 1956 Santër and Vogel (16) found that a prodigiosin 
deficient mutant of S. marcescens, strain 9-3-3, produced a 
stable substance which was utilized by another white mutant, 
strain W-l, in the biosynthesis of prodigiosin. They iso­
lated the prodigiosin precursor from the culture broth of 
9-3-3 and found the compound to have the empirical formula 
c10h10°2n2* The compound gave a red color with 
24 
jo-dimethyl-amino benzaldehyde in alcoholic hydrochloric acid, 
indicating the presence of a pyrrole with an unsubstituted 
o(-position. . In i960 Wasserman et al. (22) in a further in­
vestigation of Santer and Vogel1 s prodigiosin precursor, were 
able to show that this compound when treated with 2-methyl-
3-amyl pyrrole under conditions of dipyrryl methene synthesis 
gave prodigiosin indistinguishable from the.natural material. 
Oxidation of the precursor or of prodigiosin by alkaline 
peroxide gave 2-pyrrolcarboxamid.e, indicating the presence of 
an ot, ct'—dipyrrole. The precursor was also found to contain 
one O-methyl group. Wrede's choice of structure was thus 
shown to be in error. Rapoport and Holden (l4) have syn­
thesized 3-methoxy-2,21-bipyrrole-5-carboxaldehyde and also 
the isomeric 4-methoxy-2,21-bipyrrole-5-carboxaldehyde and 
found the latter to be identical with the prodigiosin pre­
cursor isolated by Santer and Vogel. Condensation of 4-
methoxy-2,2'-bipyrrole-5-carboxaldehyde with 2-methyl-3-amyl 
pyrrole gave prodigiosin with the typical absorption maximum 
in acid solution at 535 irja (5). Isomeric prodigiosin, formed 
by condensing 3-methoxy-2,2!-bipyrrole-5-carboxaldehyde with 
2-methyl-3-amyl pyrrole, gave maximum absorption in acid 
solution at 585 np. The alternative structure proposed by 
Wrede for prodigiosin has thus been shown to be the correct 
structure. 
The isolation of prodigiosin and a prodigiosin-like 
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compound, from Streptomyces has recently been reported by 
Perry (13) and Wasserman et al. (21). 
Investigations of the pigments produced by an orange 
mutant,- strain OF, of S_. marcescens have been reported, by 
Williams (24) and by Burgus (3). Williams isolated the 
mutant after gamma irradiation of S_. marcescens strain Nima 
using sodium 22 as a source of radiation. The mutant is very 
similar to the parent organism in most respects, but differs 
in the following ways: it produces an orange pigment instead 
of red, it produces some pigment at 37°C. whereas the parent 
strain remains white at this temperature, and it produces a 
diffusible substance which induces red. pigmentation in white 
mutants obtained from the same parent strain. 
Williams (25) isolated the orange pigment by extracting 
the cellular material with acetone. The pigment was then 
transferred to petroleum ether by the addition of water and 
petroleum ether to the acetone solution, and finally dried 
by evaporating the petroleum ether under vacuum at 30° to 
40°C. Paper chromatography using several solvent systems 
gave a single orange band. The orange pigment gave strong 
absorption in the ultraviolet region; in the visible region, 
in acid solution, it showed maximum absorption at 500 mp. 
The infrared, spectrum of the orange pigment, while grossly 
similar to that of prodigiosin, differed in many details. 
Burgus (3) extracted the orange pigment using a method. 
26 
similar to that employed, by Williams. Column chromatography 
on powdered sucrose using petroleum ether (Skellysolve B, 
b.p. 65-67°C.) as the solvent gave a total of seven bands. 
Continuous elution of a column with petroleum ether followed, 
by petroleum ether containing increasing amounts of acetone, 
gave a large number of bands. One column fraction was sub­
mitted to counter-current distribution using a neutral sol-, 
vent system, and separated into three components with dis­
tribution coefficients of 0.35, 0, and oo . The 'major com­
ponent, K=0.35, appeared to be somewhat unstable. The 
material was reduced both chemically and catalytically to a 
colorless material which rapidly turned brown on exposure to 
air. 
C. Experimental 
The Hyflo Super-cel filter aid used in column chroma­
tography was prepared from an unidentified batch of Hyflo 
Super-cel (Fisher Scientific Co., Fair Lawn, N. J.). Seven 
hundred grams of Super-cel was stirred for 4 hrs. with 4 1. 
of 2 N hydrochloric acid after which the mixture was fil­
tered, the yellow filtrate discarded, and the Super-cel again 
stirred for 1 hr. with 4 1. of 2 N hydrochloric acid, and 
again filtered. The cake was suspended in distilled water, 
filtered, and washed with distilled water until the filtrate 
Was neutral to pH paper. The cake of Super-cel was then 
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broken up, suspended in 4 1. of a 1 per cent solution of 
ethylenediamine tetra-acetic acid disodium salt, stirred 
•overnight, filtered, washed several times with distilled 
water and finally dried, for three days at 100°C. The dry 
Super-cel was stored in a desiccator over magnesium per-
chlorate until needed. 
All Super-cel columns were prepared by pouring a slurry 
of Super-cel and the solvent system to be used into a column, 
stirring with a glass rod to insure uniformity, and. allowing 
the Super-cel to settle as the column drained. In. some cases 
the settling and draining process was hastened by applying a 
slight positive pressure to the top of the column by means of 
compressed air. 
Neutral alumina, Brockman activity grade .VI, used, in 
column chromatography was prepared by the following method: 
four kilograms of activated alumina (80-200 mesh, Chicago 
Apparatus Co., Chicago, 111) was covered with 5 1. of ethyl 
acetate and allowed, to stand for 48 hrs. at room temperature 
after which the material was filtered with suction and. then 
washed, first with 10 1. of distilled water and then with 
10 1. of absolute methanol. The filter cake was broken up 
and. dried under vacuum at room temperature. 
The pH of the dried, alumina was adjusted to, between 5 
and 6 by placing a thin layer in a desiccator, evacuating, 
and allowing small amounts of anhydrous hydrogen chloride to 
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flow into the desiccator. The pH of the material was tested 
by adding about 2 g. to approximately 5 ml. of distilled 
water, shaking, and testing with pH paper. 
Alumina columns were prepared by adding the alumina to 
a column containing the developing solvent. 
Silica gel columns were prepared, by adding a slurry of 
the silica gel (28-200 mesh, Fisher Scientific Co., Fair 
Lawn, N. J.) and developing solvent to the column. 
f 
Two all-glass counter-current distribution machines were 
used in this investigation. One was a micro distribution 
apparatus constructed in the glass shop of Iowa State 
University according to the design of Bell et al. (l), and 
the other was of a design described, by Craig and Post (6). 
The petroleum ether used in this investigation was 
Skellysolve B, b.p. 65-67°C. All solvents were dried, either 
over sodium sulfate or over activated anhydrous alumina. 
The carbon, hydrogen, nitrogen, and chlorine analyses 
reported, were determined either by the Ing. A. Schoeller 
Microannalytical Laboratory, (13a) Kronach/ofr, Postfach 460, 
West Germany, or by the Huffman Microanalytical Laboratories, 
3830 High Court, P. 0. Box 125, Wheatridge, Colorado. 
Infrared spectra were obtained on a.Perkin Elmer Model 
21 Double Beam Infrared Spectrophotometer and ultraviolet 
and visible spectra on a Gary Model 14 Recording Spectro­
photometer. 
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Melting points were determined using a melting point 
block. 
1. Growth and preparation of organism 
Culture media were prepared as described by Williams and 
co-workers (25). Broth medium consisted of 0.1 per cent 
yeast extract, 0.2 per cent enzymatic casein hydrolysate, 1.0 
per cent glycerol, 0.5 per cent ammonium citrate, 1.0 per 
cent dipotassium phosphate, 0.5 per cent sodium chloride, 
0.05 per cent magnesium sulfate, and 0.005 per cent ferric 
ammonium citrate made up in deionized water. The pH of the 
broth was checked with a Beckman Model G pH meter and was 
always 7.0 ZpD. 1. In addition to the above, surface culture 
media contained 2.0 per cent agar and stock slants 1.2 per 
cent agar. Stock slants were inoculated and incubated at 
27°C. until pigment was barely visible, and then stored in a 
refrigerator at 8°C. New slants were prepared every month or 
so; one slant was reserved for inoculation of new slants, and 
the others used for inoculating culture for experiments. 
About a dozen slants were prepared at a time; the extra ones 
were stored in a deep freeze until needed. 
Broth cultures were prepared as needed by inoculating 
about 300 ml. of sterile broth in a 500 ml. flask and incu­
bating at 27°C. in the dark. 
For pigment production the organism was grown on 13 1/2 
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X 8 3/4 X 1 1/2 in. Pyrex baking dishes. Each plate, con­
taining about 400 ml. of agar medium,, was covered with heavy 
duty aluminum foil, autoclaved, and immediately after cool­
ing, inoculated with 10 ml. of an 18 hr., 27°C. broth cul­
ture. The inoculated plates were then incubated in the dark 
for 5 days at 27 C. The orange cells were scraped from the 
surface with a 3 in. plastic car window scraper, lyophilized, 
and stored in a deep-freezer until needed. The yield aver­
aged about 1.3 g. of dry weight per plate. 
2. Extraction of pigment from cells treated with 10 per cent 
sodium hydroxide 
Five grams of lyophilized cells were treated with 60 ml. 
of 10 per cent sodium hydroxide and 60 ml. of ethyl alcohol. 
The mixture was allowed to stand for 30 min. at room tempera­
ture and then extracted with three 100 ml. portions of a 
1:1 mixture of ethyl alcohol and diethyl ether. Sufficient 
concentrated hydrochloric acid was added to give a distinctly 
acidic solution after which anhydrous potassium carbonate was 
added to remove water and excess hydrochloric acid. The 
dried filtrate was evaporated on a rotary evaporator, the 
residue dissolved in a small amount of ethyl alcohol and 
chromatographed on neutral alumina, activity VI, using abso­
lute ethanol as the developing solvent. The pigment was 
separated into two fractions; one fraction remained adsorbed 
near the top of the column, and the other was rapidly eluted 
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from the column. The solvent was evaporated from the eluted 
fraction to yield a yellow oil which was redissolved in hot 
ethanol and precipitated by the addition of aqueous 5 per 
cent perchloric acid. The color of the solution changed from 
orange to bright red upon the addition of perchloric acid. 
The precipitate was removed by filtration, examined under a 
polarizing microscope and found to be dark blue in color and 
non-crystalline. The material burned readily when heated in 
an open flame, was soluble in hot ethanol but insoluble in 
petroleum ether and water. Upon standing in an open beaker 
the material turned black, became insoluble in hot ethyl 
alcohol, and burned very vigorously when heated in an open 
flame. 
A sample of crude pigment furnished by Mr. Roger Burgus 
was chromatographed on acidic alumina, pH 4.2 - 4.8, activity 
grade I, and on. basic alumina, pH 10.0 - 10.5, activity grade 
I, using absolute ethanol as the developing solvent. The 
results, in each case were identical to those described for 
activity grade VI neutral alumina. The pigment fraction 
eluted from the acidic alumina column was not adsorbed when 
passed immediately over a column of basic alumina. The same 
pigment fraction was therefore adsorbed on both acidic and 
basic alumina. 
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3. Chromatography of pigment extracted with acetone 
Sufficient water was added to 5 g. of dry cells to form 
a thick paste, the material.was allowed to stand 30 min., 
150 ml. of acetone was added, the mixture was shaken occa­
sionally and vigorously over a period of 30 min., and fil­
tered with suction. The extraction with acetone was repeated 
twice more, after which the red-orange filtrates were com­
bined and evaporated to dryness. This procedure resulted in 
the deposition of two distinctly different types of material. 
Upon removal of the acetone fraction of the- solvent, the pig­
ment precipitated as an oily mass having a high green reflex 
Q[n later experiments the evaporation process was stopped at 
this point and the pigment extracted into chloroform as 
suggested by Efimenko et al. (7)] . Evaporation of the water 
left a light brown residue which was separated from the pig­
ment fraction mechanically. After removal of the water 
soluble material, petroleum ether was added, however the 
material proved to be only partially soluble. When the 
petroleum ether soluble fraction was chromatographed on a 
Super-cel column with petroleum ether, a large portion of the 
pigment moved down the column, apparently with the solvent 
front, and without resolution. 
The water soluble material which was removed mechani­
cally was dissolved in acetone (not completely soluble), 
added to a little Super-cel, dried, added to a column of 
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Super-cel, and chromatographed with petroleum ether. Several 
colored zones developed and were eluted quite rapidly from 
the column. 
Repetition of the above experiment, using pigment from 
a different batch of cells, resulted in resolution of the 
petroleum ether soluble fraction into several zones, some of 
which became stationary on the column. The water soluble 
material, which previously separated into several fast moving 
zones, became stationary without resolution. 
In another similar experiment, the residue remaining 
after evaporation of the acetone and water was dissolved in a 
little acetone (not completely soluble), added to a little 
Super-cel, dried, added to a Super-cel column, and developed 
with petroleum ether. Most of the material remained at the 
origin and was removed mechanically; the remainder was eluted 
with diethyl ether. The ether eluate was taken to dryness 
and chromatographed as before. A narrow band of yellow 
fluorescent material which just preceded the pigment was 
collected and. the pigment was completely eluted with diethyl 
ether. The ether eluate was evaporated to dryness, and after 
standing for 2 days, the residue was dissolved in petroleum 
ether (not completely soluble) and again chromatographed on 
a Super-cel column with petroleum ether. The material 
separated into six orange bands, identical in color, which 
eventually became stationary and were not eluted from the 
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column. The separation was not sharp; the column being a 
light orange In c lor between each band. 
In the above experiments and when other attempts were 
made to Isolate a pure pigment fraction by means of column 
chromatography, it was observed that the fractions quite 
rapidly changed in solubility and color characteristics. The 
pigment when initially extracted with acetone appears yellow-
orange in color and upon drying shows a pronounced green re­
flex. As the material is manipulated during chromatography 
it tends to lose the green reflex, develops more of a brown 
tone in color, and. becomes less soluble in non-polar sol­
vents. Material which initially had. considerable solubility 
in petroleum ether was observed to become insoluble in 
acetone, alcohol, and chloroform. Relatively insoluble blue 
column fractions were frequently observed. 
The change in solubility and color appears to be 
catalyzed by light. Columns which were developed adjacent 
to windows having a northern exposure were observed to have 
consistently larger quantities of dark, less soluble mate­
rial on the side of the column next to the window.- The dark 
material required, somewhat more polar solvents for elution. 
The change in color and solubility suggested the 
presence of one or more labile functional groups, possibly 
resulting in the polymerization or oxidation of the pigment. 
Attention was therefore directed toward attempts to stabilize 
35 
the compound by chemical means. 
4. Chromatography of pigment extracted with acetic anhydride 
Five grams of cellular material was suspended in 200 ml. 
of acetic anhydride, and shaken for 1 1/2 hrs., filtered, 
treated with a second portion of acetic anhydride, heated to 
70°C. for 20 min. and filtered. The filtrates were combined, 
the acetic anhydride removed on a rotary evaporator, and the 
red oily residue dissolved in a little ethanol. The ethanol 
solution was added to a little Super-cel, dried, added to a 
Super-cel column prepared from a petroleum ether slurry, and 
developed with petroleum ether. Some of the material re­
mained at the origin, but that which moved down the column 
separated into 14 zones varying in color, from top to bottom, 
from dark blue, through various shades of brown, orange, and 
yellow to a final lower blue band. Several of the bands 
fluoresced under ultraviolet light. 
Repetition of this experiment using a different patch 
of cellular material, did not result in a column identical to 
the one described above. 
5. Chromatography and counter-current distribution of pig­
ment extracted with anhydrous ethanolic hydrogen chloride 
Ten grams of cells were added to 400 ml. of absolute 
ethyl alcohol and anhydrous hydrogen chloride was passed into 
the mixture, with constant stirring, for 2 hrs. The reaction 
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flask was stoppered, and after standing over night, the 
material was filtered, and the solvent removed on a rotary 
evaporator. ' Approximately 200 ml. of 5 per cent ethanol in 
petroleum ether was added to the red sticky residue, the 
mixture was stirred, and the soluble portion removed by de­
canting. The residue was dissolved in 200 ml. of chloroform 
and passed successively through each of two 30 cm. X .1 cm. 
columns of silica gel. The bright red columns were washed 
with chloroform and the pigment eluted with acetone. Evapora­
tion of the eluate yielded an orange-red material with a very 
high green reflex. Examination of thé material under a 
microscope revealed colorless needles imbedded in sticky 
non-crystalline pigment. For identification purposes this 
fraction was labeled 151-A. 
When the chloroform solution of pigment was passed over 
the silica gel columns, most of the pigment passed through 
without being adsorbed. Fractions 151-B and 151-C were 
prepared by again passing the chloroform solution of pigment 
over silica gel columns followed by elution of the adsorbed 
pigment with acetone. 
a. Counter-current distribution of fraction 151-A 
Fraction 151-A was dissolved in 30 ml. of each phase of a 
solvent system developed by Burgus (3) and consisting of 1 
part benzene, 1 part 0.01 M phosphate buffer, 2 parts 
petroleum ether, and 2 parts absolute methyl alcohol. The 
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pigment solution was transferred to a counter-current distri­
bution machine having a capacity of 30 ml. upper phase and. 30 
ml. lower phase in each tube. Thirty transfers gave a peak 
with a distribution coefficient, K, of about 0.43, a large 
quantity of material with K= oo , and some material with K=0. 
The distribution coefficient was determined, using the 
expression 
n-N 
where N - number (not necessarily integral) of the peak tube 
and n = total number of transfers. A representative counter-
current distribution pattern of fraction 151-A is shown in 
Figure 3. When material from the peak tube was removed and 
immediately rerun for 20 transfers, no material with K = oo , 
and. very little with K = 0 was present. A peak with K = 0.43 
was obtained. The results were different when the peak 
material was subjected to more drastic treatment. The peak 
material from one counter-current distribution run was pooled, 
the organic solvents removed on a rotary evaporator, the pig­
ment extracted into chloroform, and the chloroform removed on 
the evaporator. When the residue was re-run for 30 trans­
fers, considerable material with K =.00 was present along 
with the material K = 0.43 and K = 0. The material with 
K = °o from the re-run was subjected to column chromatography 
on Super-cel using benzene as the developing solvent. A 
Figure 3. Counter-current distribution pattern of an orange 
pigment fraction in the solvent system composed 
of 1 part 0.01 M. phosphate buffer, 2 parts petroleum 
ether, and 2 parts methyl alcohol 
6£ 
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yellow fraction passed through the column, apparently with 
the solvent front. Evaporation of the benzene left a yellow 
residue which was granular in appearance. Examination of the 
residue under a polarizing microscope showed the material to 
be composed of colorless needles imbedded in noncrystalline 
pigment. Thus the peak material, K = 0.43, appears to be 
unstable, its breakdown resulting in the formation of two or 
more products, one of which is a colorless material. 
Fractions 151-B and 151-C were subjected to counter-
current distribution; 151-B contained fractions with K = 0, 
K = 0.43, and a large amount of material with K = 00. Frac­
tion 151-C contained some material with K = 0, a large amount 
of material with K = 00, and no material with K = 0.43. 
In another experiment, a pigment fraction obtained by 
acetone extraction was subjected to counter-current distri­
bution using the neutral solvent system described above. A 
peak with K = 0.67 was obtained. This material was not 
further investigated. 
6. Reduction of pigment with lithium aluminum anhydride 
Approximately 10 g. of cells were extracted with aqueous 
acetone as previously described. The pigment was dissolved 
in diethyl ether and added to an excess of lithium aluminum 
hydride in diethyl ether. The pigment immediately turned 
from orange to a bright red color which faded rapidly upon 
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standing to a very light yellow. The mixture was allowed to 
stand over night and the excess lithium aluminum hydride de­
composed with a slurry of sodium sulfate and water. The pale 
yellow ether solution was separated and upon acidification 
with hydrochloric acid turned to a dark red color. Repeated 
washing of the red ether solution with distilled water re­
sulted in a color shift to rusty yellow below pH 5. The 
yellow material rapidly turned dark upon standing in the 
presence of air. Column chromatography on Super-cel using 
either petroleum ether or benzene as the developing solvent 
resulted in the movement of the material down the column as 
a single band, leaving the entire column highly colored. 
The reduced material is completely soluble in petroleum 
ether, benzene, chloroform, and diethyl ether. After turning 
dark, the material became insoluble in petroleum ether but 
remained soluble in chloroform. 
7. Methylation of orange pigment with diazomethane 
Orange pigment was extracted from a quantity of cells 
with aqueous acetone, was transferred to chloroform, and the 
chloroform evaporated. The pigment was dissolved in diethyl 
ether and treated with an excess of diazomethane in diethyl 
ether. The diazomethane, prepared from "Diazald" (N-methyl-
N-nitroso-p-toluenesulfonamide) by a method furnished by the 
Aldrich Chemical Company, Inc., and ether were immediately 
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evaporated, in a well ventilated hood and. the methylated, pig­
ment subjected to counter-current distribution using a neutral 
solvent system developed by Burgus (4) and composed of 4 
parts petroleum ether, 3 parts methyl cellosolve, and 1 part 
of 0.01 M phosphate buffer. A peak was obtained with K= 0.82 
and was identical to that reported by Burgus (4) for authen­
tic prodigiosin in this solvent system. A typical counter-
current distribution curve for methylated orange pigment is 
given in Figure 4. 
The peak material was absent prior to treating orange 
pigment with diazomethane. In one experiment, 5-75 g• of 
crude orange pigment was saponified with potassium hydroxide 
in ethyl alcohol to yield 1.0 g. of non-saponifiable mate­
rial. The petroleum ether soluble fraction of the non-
saponifiable material was submitted to counter-current dis­
tribution in the above neutral solvent system both before and 
after methylation. The results are shown in Figure 5• 
The methylated orange pigment was washed with petroleum . 
ether and the petroleum ether soluble fraction chromato­
graphed on acidic alumina, pH 5.0 - 6.0, Brockman activity 
VI, using petroleum ether containing 0.25 per cent absolute 
ethanol as the developing solvent. A bright red band 
separated, was eluted, and the solvent evaporated to yield 
a red oil having a green reflex. The red oil was dissolved 
in a little hot 95 per cent ethanol and precipitated, as the 
Figure 4. Counter-current distribution pattern for methylated 
orange pigment (prodigiosin) in the solvent system 
composed of 4 parts petroleum ether, 3 parts methyl 
cellosolve, and 1 part 0.01 M. phosphate buffer 
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Figure 5. Counter-current distribution pattern of orange pigment 
fraction in the solvent system composed of 4 parts 
petroleum ether, 3 parts methyl cellosolve, and 1 
part 0.01 M. phosphate buffer 
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perchlorate by the addition of 5 per cent aqueous perchloric 
acid. The perchlorate was separated by filtration, washed 
with water, dried, and washed several times with petroleum 
i 
ether. The crystalline perchlorate was dissolved in ethanol 
and decomposed by adding sufficient 6 N sodium hydroxide to 
turn the solution brown. A volume of water equal to the 
volume of ethanol used was added and the pigment extracted 
into an equal volume of petroleum ether. Evaporation of the 
solvent gave a solid red residue which was redissolved in 
0.5 per cent ethanol.in petroleum ether and chromatographed 
on a Super-cel column using 0.5 per cent ethanol in petroleum 
ether as.the developing solvent. The pigment rapidly 
separated into a leading orange zone followed, by a red band. 
Considerable blue material remained at the top,of the 
column. 
The development of the column was interrupted for 2 hrs. 
and. when the solvent flow was resumed, resulting in further 
elution of the red and orange zones, it was observed that a 
dark blue stationary zone had arisen on the column in the 
position of the red zone and was most intense on the side of 
the column next to the window. It was also observed that 
-the entire column was a light blue in color above the red 
zone and that the blue color was absent between the orange 
and red zone. It was further observed that protection of the 
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column from light greatly reduced the formation of the blue 
fraction. -
The orange band was eluted and the infrared, ultra­
violet, and visible spectra determined. The infrared spec­
trum was found to be identical to that of prodigiosin as 
shown in Figure 6. The ultraviolet and visible spectra were 
also identical to those reported for prodigiosin (5) and are 
shown in Figure 7. The molar extinction coefficient, £ , 
at 535 iy in 85 per cent ethanol, 0.01 N in hydrochloric 
, A 
acid, was determined using the expression £ = 
where A = absorbance, d = distance in cm. that light travels 
through the solution, and M = concentration of pigment in 
moles per liter. A solution containing 9.52 X 10"^ moles per 
liter gave an absorbance of 0.901 and was found to have a 
h 
molar extinction coefficient of 9.46 X 10 . Castro et al. 
(5) have reported values ranging from 2.6 to 11.6 X 10^ de­
pending on the pH of the solution. 
A portion of the orange fraction was converted to the 
perchlorate and found to have a melting point of 223.5 -
224.5; a mixed melting point with an authentic sample of 
prodigiosin perchlorate failed to show a depression in 
melting point. 
a. Analysis Calculated for CggHg^N^O^Cl: C, 56.66; 
H, 6.18; N, 9.91; CI, 8.36. Found: C, 56.68; H, 6.14; 
N, 9.98; CI, 7.95. 
Figure 6. Infrared spectra of prodigiosin in KBr 
A. Spectrum of an authentic sample of prodigiosin 
B. Spectrum of prodigiosin produced by methylation 
of orange pigment with diazomethane 
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8. Yield of prodigiosin from methylated orange pigment 
Pigment was extracted from 125 g. of orange cells with 
aqueous acetone, transferred to chloroform, and the chloro­
form evaporated. The crude pigment was dissolved in 10 ml. 
of diethyl ether and treated with 2 g. of diazomethane in 
200 ml. of diethyl ether. The ether solution was immediately 
transferred to a porcelain evaporating dish under a well 
ventilated hood and allowed to evaporate to dryness. The 
residue was dissolved in 10 ml. of diethyl ether and poured 
with vigorous stirring into 1 1. of petroleum ether. The 
soluble material was separated by decanting, concentrated to 
a few ml., and chromâtographed on acidic alumina, pH 5.0 -
6.0, Brockman activity VI, using petroleum ether containing 
0.25 per cent absolute ethanol as the developing solvent. 
Further quantities of prodigiosin were obtained <by repeatedly 
washing the insoluble fraction with 2 per cent ethanol in 
petroleum ether, followed by concentrating and chromatograph­
ic on alumina. The red prodigiosin was eluted from the 
alumina columns, converted to the perchlorate, decomposed 
with sodium hydroxide, and chromatographed on Super-eel as 
previously described. The total yield of free base was 230 
mg. This compares closely with the yield of prodigiosin from 
the parent wild type, Serratia marcescens strain Nima, 
reported by Burgus (4). 
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D. Summary and Conclusions 
Numerous attempts were made to isolate a pure pigment 
fraction from Serratia marcescens strain OF, an orange mutant 
of S_. marcescens strain Nima. Solvent extraction with ace­
tone followed by column chromatography on Super-cel and 
alumina, revealed the presence of an indeterminate number of 
pigment fractions. It was observed that the color and 
solubility characteristics of the pigment fractions changed 
quite rapidly during the attempts at isolation and purifica­
tion. This suggested that the many fractions were arising as 
the result of modifications of the original pigment. 
Attempts were directed toward stabilizing.the compound by 
chemical means. 
Extraction of the pigment with acetic anhydride and with 
ethanolic hydrogen chloride did not increase the stability of 
the pigment. Reduction of the pigment with lithium aluminum 
hydride gave a light yellow product which rapidly turned 
brown in the presence of air. 
A diethyl ether solution of the crude pigment was 
treated with diazomethane in diethyl ether. From this re­
action mixture was isolated prodigiosin indistinguishable 
from authentic prodigiosin obtained from the parent organism, 
Serratia marcescens strain Nima. 
Column chromatography of prodigiosin on filter aid 
resulted in the formation of a leading orange band containing 
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the bulk of the pigment, plus a red band. Elution of the 
orange and. red bands with 0.25 per cent ethanol in petroleum 
ether left a blue residue on the column which was eluted with 
higher concentrations of ethanol. It was observed that the 
blue material arose from the red but not from the orange 
band. The transformation was catalyzed by light. 
It was therefore concluded that one fraction of the 
orange pigment consists of nor-prodigiosin which is converted 
to prodigiosin by the action of diazomethane according to 
the following reaction: 
H H H H 
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